Acute kidney injury (AKI) is a common and serious complication in surgical patients or critically ill patients. It is accompanied by a length of hospital stay prolongation and increased morbidity and mortality after cardiac or noncardiac surgery. 1 -3 A previous report demonstrated that an increase in serum creatinine (sCr) concentrations by .44 mmol litre 21 above the baseline level is a predictor of poor outcomes, since it resulted in a three-fold increase in the 30 day mortality rate. 4 Studies have found that 1-28% of patients undergoing elective open abdominal aortic aneurysm (AAA) repair experience worsening of renal function, 2 5 -9 which is independently associated with mortality and prolongation of hospital and intensive care unit (ICU) stay. 10 Although several studies have investigated acute deterioration of renal function after AAA surgery, it is difficult to compare these studies because varying definitions of AKI have been used. The two most commonly used definitions of AKI are derived from risk, injury, failure, loss, and end-stage (RIFLE) kidney disease criteria and from Acute Kidney Injury Network (AKIN) criteria. 11 12 The major difference between these two criteria is that AKIN criteria use a smaller change in sCr (26.2 mmol litre 21 ) over a shorter time window (within 48 h) than RIFLE criteria in defining AKI. Furthermore, the AKIN criteria do not include baseline sCr; rather they define kidney injury at any acute increase in sCr that meets the criteria. 12 While the incidence and prognostic values of both criteria have been investigated in many groups of patients, including in critically ill patients and those undergoing cardiac surgery or major abdominal surgery, 13 -15 few reports have observed the AKI incidence and the prediction of mortality by both AKIN and RIFLE criteria in patients who have undergone infrarenal AAA surgery. This study therefore compared the ability of AKIN and RIFLE criteria to predict mortality in patients undergoing infrarenal AAA surgery, and compared the prevalence of, and perioperative risk factors for, AKI, evaluating the relationships between AKI and short-and long-term mortality using both the AKIN and RIFLE criteria.
Methods

Patient population
This study was a retrospective evaluation of the records of all patients who underwent open surgery or endovascular aneurysm repair (EVAR) of infrarenal AAA between January 1999 and December 2011. A total of 594 consecutive adult patients who had undergone abdominal aortic repair were identified through our electrical medical recording system. Of these 594 patients, 150 were excluded, including 62 patients with ruptured AAA or emergent surgery, 75 with AAA other than infrarenal AAA, eight with insufficient laboratory data, one under 18 yr of age, one who died during the operation, two who required conversion from EVAR to open repair, and one who underwent an unknown operative method. Thus, a total of 444 patients were included in the final analysis. The study protocol was approved by the Institutional Review Board of our institution (2012-0132), which waived the requirement for informed consent because of the retrospective noninterventional design of the study.
Clinical data
The computerized patient record system of our institution (Asan Medical Center Information System Electrical Medical Records) was retrospectively reviewed to obtain baseline characteristics, laboratory, surgical, and anaesthetic data on all patients, and also their postoperative 
Definition of outcomes
Postoperative AKI was diagnosed by the AKIN and RIFLE criteria by the alteration of sCr concentration on postoperative 1-7 days compared with the baseline sCr concentration, defined as the last concentration measured before surgery. 12 If sCr was measured more than once per day on postoperative days 1-7, the highest reading of that day was used.
The associations between clinical, laboratory, surgical, and anaesthesia data and the development of AKI were assessed, as were the associations of 30 day mortality and overall survival with postoperative AKI. Mortality rates were evaluated within 30 days of surgery and during the entire study period.
Statistical analysis
Continuous variables are reported as mean (SD) or median and inter-quartile range (IQR). Patient age, height, weight, BMI, MD, EF, laboratory data, amounts of administered blood products and fluids, times of anaesthesia and cross-clamping, and lowest mean arterial pressure were compared using one-way analysis of variance with multiple comparison followed by Dunn's multiple comparison test. Categorical variables are expressed as frequencies and percentages, and analysed with the x 2 test or Fisher exact test, as appropriate. Multiple logistic regression analysis was performed to identify independent predictors of AKI. All variables with P,0.1 on univariate analysis were included in the multivariable analysis. Multivariate Cox's proportional hazard regression analyses were utilized to assess adjusted hazard ratios (HRs) of the relationships between AKI and outcome variables. Weighted logistic regression and the Cox proportional hazards regression models were used to reduce the influence of possible confounding variables on the association between AKI and mortality, adjusting for major differences between patients with and without AKI using the inverse probability of treatment weighting (IPTW) method. 18 IPTW is a method that uses propensity score to deal with confounders by indication and calculates the probability of individual exposure (or treatment), based on observed and time-dependent covariates. Weights for patients with AKI were the inverse of 1-propensity score, and weights for patients without AKI were the inverse of the propensity scores. All propensity scores for IPTW matching were estimated with all variables (including amount of radiocontrast medium and time period) shown in Tables 1 and 2 without regard to outcomes, using multiple logistic regression analysis to obtain the odds ratio (OR) or HR, as appropriate. Therefore, it was desirable to have as many independent variables as possible for accurate outcomes. The distribution of propensity score in each group is depicted in Supplementary Figure S1 . Discrimination of the model was assessed by C-statistics, and calibration was evaluated with the Hosmer-Lemeshow statistics. Cumulative survival rates were calculated by the Kaplan -Meier method, and differences between curves were evaluated using the log-rank test. The ability of AKIN and RIFLE criteria to predict overall mortality was assessed using the net reclassification improvement (NRI) method. 19 Increases and decreases in the estimated risk of an event when a given variable is taken into account are described as up and down movements, respectively. NRI is calculated by computing the difference between the proportions of individuals whose estimated risk moves up and down in those who do (cases) and do not (controls) develop events. 'Upward and downward movement' in risk categories for cases indicated improved and worsened classification, respectively, whereas upward and downward movements in risk categories for controls indicated worsened and improved classifications, respectively. NRI is therefore calculated as the percentage of patients with correct change in Acute kidney injury in AAA surgery risk category (an increase for cases or a decrease for controls). NRI = {Proportion (up/cases) − Proportion (down/cases)} − {Proportion (up/controls) − Proportion (down/controls)} NRI has been shown to be a sensitive measure for comparing the discriminatory power of prediction models. 20 All values of P,0.05 were considered statistically significant. Data manipulation and statistical analyses were performed using SAS w Version 9.1 (SAS Institute Inc., Cary, NC, USA).
Results
The median follow-up for the overall patient population was 3.2 yr (IQR 1.5-5.1 yr). As this study involved patients who underwent surgery over a 10 yr period, patients were divided into those who underwent surgery in 1999 -2006, 2007-9, and 2010-2011 1 and 2, Fig. 1 ).
Patients diagnosed with AKI were older, had lower preoperative LVEF, lower albumin, haemoglobin concentrations, and eGFR concentrations, and were more likely to have CKD than those without AKI. Moreover, preoperative sCr was higher in patients with AKI diagnosed by the AKIN than the RIFLE criteria, than in those without AKI. Anaesthetic method (general, regional, or local) was similar in patients with and without AKI. Postoperative AKI was more frequent in patients who did use diuretics than those who did not. Renal placement was required by 13.4% of patients diagnosed with AKI by AKIN criteria and by 20% of patients diagnosed with AKI by RIFLE criteria (P,0.01 each), whereas none of the patients without AKI by either set of criteria required renal replacement therapy. According to AKIN criteria, AKI was more frequent in patients who underwent open repair (n¼57, 69.5%) than EVAR (n¼25, 30.5%) (P¼0.04), whereas, according to RIFLE criteria, AKI incidence was similar in patients undergoing open repair and EVAR.
HES (10%, 260/0.45) was used as the main colloid agent until 2006, after which it was replaced by 6% HES 130/0.4. However, there was no relationship between AKI incidence and type of colloid agent. Radiocontrast was administered only in patients who underwent EVAR both by AKIN [742.4 (430.5) vs 552.7 (374.6) mg, P,0.05] and RIFLE [768.0 The associations between AKI and postoperative outcome are shown in Table 3 . AKI by AKIN (OR: 8.1; 95% CI 2.2-30.1, P,0.01) and RIFLE (OR: 21.7; 95% CI 5.5-85.3, P,0.01) criteria was associated with increased 30 day mortality. The multivariable Cox proportional hazard analysis showed that AKI, both by AKIN (HR: 2.1; 95% CI 1.2-3.8, P,0.01) and RIFLE (HR: 2.4; 95% CI 1.2 -4.6, P,0.001) criteria, was independently related to overall mortality. After IPTW adjustment, AKI remained significantly associated with 30 day and overall mortality. The survival rate of patients with AKI, as assessed by both AKIN and RIFLE criteria, was significantly lower than those without AKI (log-rank test, P,0.001, Fig. 2) .
The NRI method showed that the ability of AKIN criteria to predict overall mortality was improved by 15.2% (P¼0.04) compared with RIFLE criteria (Table 4) .
We also compared patient characteristic and intraoperative had larger aneurysms; required greater amounts of diuretics, transfused units, and fluid replacement; more commonly underwent general anaesthesia, and experienced more severe hypotension (Supplementary Table S2 ). AKI was more frequently diagnosed in the open repair group by AKIN criteria, but the incidence of AKI according to RIFLE criteria, was comparable in patients undergoing open repair and EVAR (Supplementary Table S3 ). Overall hospital stay and ICU stay were shorter in the EVAR group, but 30 day and overall (P¼0.18) mortality rates were similar. However, the survival rate of the patients with AKI diagnosed by AKIN and RIFLE criteria was lower than that of non-AKI patients in both groups (P,0.01).
Discussion
The major finding of our study was that AKI developed in 18.5% of patients undergoing AAA surgery according to AKIN criteria and in 12.4% according to RIFLE criteria. In addition, postoperative AKI according to both criteria was independently associated with increased 30 day and overall mortality rates, irrespective of other postoperative complications and comorbidities. Furthermore, the NRI method showed that the AKIN criteria were better able to predict overall mortality rate than the RIFLE criteria in patients undergoing AAA surgery.
As our study involved a 10 yr period, we divided this period into three parts and analysed changes in the type of operation, incidence of AKI, and use of colloid solution. During the first time period, open AAA surgery was more frequent than EVAR. Over time, however, EVAR became more frequent. AKI developed more frequently with open repair than with EVAR by AKIN, but not by RIFLE criteria. Interestingly, the incidence of Although the proportion of patients undergoing EVAR has increased over the 10 yr study period, the incidence of AKI has not decreased correspondingly. Even though we do not know the exact reason, EVAR may not protect against AKI as defined by AKIN criteria. The older age and increase in numbers of comorbidities in the EVAR group may have prevented the incidence of AKI from decreasing. Radiocontrast has also been associated with AKI in patients undergoing EVAR. 5 21 Consistent with previous reports, we found that the total amount of radiocontrast administered during EVAR was significantly higher in patients with AKI than without AKI, as assessed by both AKIN and RIFLE criteria. The main colloid agent used until 2006 was 10% HES, after which it was replaced by 6% HES. Although the use of 10% HES has been associated with AKI, 22 23 we observed no relationship between AKI incidence and type of HES. It is unclear whether the type of anaesthetic used for EVAR affects renal impairment. 24 We found, however, that anaesthetic method (general, regional, or local) was similar in patients with and without AKI, perhaps because .80% of the operations were performed under general anaesthesia in our institution. The incidence of AKI, as assessed by AKIN and RIFLE criteria, has been shown to be similar in critically ill patients and patients undergoing cardiac surgery. 13 24 In contrast, we found a discrepancy in the incidence of AKI based on AKIN and RIFLE criteria, perhaps because postoperative sCr may be increased more acutely after AAA surgery. The change in sCr is smaller and the time window shorter for AKI assessed by AKIN than by RIFLE criteria, suggesting that the inclusion of sCr concentration may result in a discrepancy in the incidence of AKI by AKIN and RIFLE criteria. Similarly, other studies have reported discrepancies in AKI incidence by these criteria in patients who underwent cardiac surgeries 25 and in critically ill patients. 26 Taken together, our results showed that the sensitivity of AKIN criteria in determining the incidence of AKI was higher than that of RIFLE criteria in patients who underwent AAA surgery.
Our findings also demonstrated that AKI was related to adverse outcome after infrarenal AAA surgery, irrespective of the criteria used. This finding is in agreement with results showing that AKI is an independent predictor of long-and short-term mortality rates. 15 27 Even after IPTW adjustment, AKI remained significantly associated with 30 day and overall mortality rates. In addition, the ORs and HR of these clinical outcome variables were increased after IPTW adjustment. Therefore, it might be useful to assess and modulate the variables that predict the development of AKI, and thereby improve the prognosis of patients who undergo AAA surgery. This study investigated the ability of AKIN and RIFLE criteria to predict overall mortality in patients who underwent AAA surgery. Several methods have been utilized to assess the discriminatory power of two sets of criteria, with one of the most popular methods being area under the receiver-operating characteristic curve (AUC). 28 Recently, the NRI method was found useful for comparing the discriminatory abilities of predictive models or markers, quantifying the degree of improvement when a new marker is added to a previous system. 19 20 However, caution is needed in the interpretation of the NRI, because the summation of the proportion with correct upward and downward movement in risk category masks relative contributions of each component. 29 Therefore, we showed each component separately in Table 4 . Based on the NRI method, AKIN criteria showed a 15.2% (P¼0.04) improvement in the prediction of overall mortality compared with RIFLE criteria. Moreover, a previous study demonstrated that AKIN criteria might be more accurate and better predictive of mortality than the RIFLE criteria in burn patients. 24 This study had several limitations. First, because it was a retrospective observational analysis, causality could not be determined. Although we performed propensity analyses in an attempt to control selection bias, we could not entirely remove the potential for residual confounding variables. However, in the absence of a prospective study, it may be reasonable to use statistical methodology to compensate for the results of retrospective analysis. Secondly, this study addressed the association between all-cause sCr increase and subsequent adverse events including mortality. The aetiology of AKI after surgery is generally multifactorial, with AKI strongly related to mortality irrespective of the cause of AKI. Further randomized controlled study will be needed to confirm this issue. Thirdly, because this study enrolled patients undergoing AAA surgery, the results cannot be generalized to other populations. Accordingly, these results should be interpreted cautiously.
In conclusion, we found that both AKIN and RIFLE criteria may be useful in assessing the development of AKI and short-and long-term mortality rates after AAA surgery. However, the AKIN criteria seemed more sensitive in determining the incidence of AKI and were more predictive of mortality in patients who underwent AAA surgery.
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